Introduction
The effects on student achievement of the resources devoted to education are a central concern in the economic and political debate on educational policies. Starting with the controversial Coleman Report (1966), a number of empirical studies have investigated the effects of class size, teaching experience and ability, peer characteristics and school resources on the skills acquired by students. In spite of the conspicuous amount of research, the results obtained are far from conclusive.
The main findings of the Coleman Report showing that inputs into schooling have negligible effects on student achievement were confirmed by Hanushek's (1986) influential survey of the economic research on the subject. Hanushek concludes that there does not appear to be a strong, systematic relationship between school resources and student performance.
Class size is one of the main factors which has been analysed in the educational production function. Whereas a number of studies point out that a reduction in class size has positive effects on student performance, other analyses find that the effects are negligible and not statistically significant.
In traditional studies estimates of class size effects are often plagued by thorny endogeneity problems which produce biased estimates. In assessing the effect of an intervention such as a reduction in class size, the researchers are typically not able to observe all the other factors entering into the student learning process, such as student effort and family support, teaching quality etc. These inputs may be related both to the intervention itself and to student performance. In fact, inputs into schooling are often the result of choices made by parents, school administrators, teachers and students. For instance, some parents may choose schools with smaller class size for their offspring and invest more of their personal time in their children's education (creating an upward bias in the estimated effect of class size); on the other hand, some parents who have chosen schools with smaller classes may decide to invest less time in their children's education (creating a downward bias). Furthermore, a downward bias in estimates would also emerge if school administrators tended to assign pupils from disadvantaged backgrounds or with learning difficulties to smaller classes or if better teachers were assigned to larger classes.
To handle this kind of econometric problem, recent works investigating class size effects rely on identification strategies based on exogenous variations produced by controlled or natural experiments (for a recent survey see Webbink, 2005) . For example, Krueger (1999) and Krueger and Whitmore (2001) exploit exogenous variations in class size by focusing on the famous Tennessee Student/Teacher Achievement Ratio experiment (STAR project) which randomly assigned students to classes of different size. Other works use instrumental variables based on administrative rules which impose maximum class size limits, generating exogenous variations in class size (Angrist and Lavy, 1999; Browning and Heinesen, 2007; Leuven, Oosterbeek and Ronning, 2008) . 1 Another important source of exogenous variation comes from natural experiments: Hoxby (2000) , for example, studies the effects of class size on student performance relying on random population variations, while Case and Deaton (1998) base their analysis on the fact that the apartheid regime in South Africa did not allow black people to move from one district to another nor to influence school resources. Urquiola (2006) uses variations in population size between schools in small community schools in Bolivia, where class size is mainly determined by cohort size.
Some of these studies (Krueger, 1999; Krueger and Whitmore, 2001; Angrist and Lavy, 1999; Browning and Heinesen, 2007; Urquiola, 2006) find that smaller classes increase student achievement, while others (Hoxby, 2000; Dobbelsteen, Levin, and Oosterbeek, 2002; Leuven, Oosterbeek and Ronning, 2008) show that the effects of class size are not significantly different from zero.
Literature on the subject typically analyses the impact of class size on primary and secondary education, while little work has been done regarding college students. However, class size is also a relevant issue for post-secondary education. Due to the expansion of the higher education systems over the last two decades and to the limited financial resources available to universities, university courses are increasingly taught in large classes. This is particularly true for the Italian tertiary educational system, where teaching classes often have a very high number of students especially on introductory courses and Degree Courses with particularly highly demand.
Even though the optimal class size is higher in tertiary education (Lazear, 2001) , very large classes may create negative externalities for students, due to noise or disruptive behaviour (congestion effects), and students may benefit less from teacher explanations and have fewer opportunities for interactive discussion or to ask for clarification. In addition, instructors facing larger classes may be unable to identify the ability and interests of the average student. On the other hand, students and instructors may compensate for larger classes by providing more effort, for example students may spend more time in the library and instructors may prepare better teaching material.
A recent study by Bandiera, Larcinese and Rasul (2008) investigates the effects produced by these opposing forces by analysing class size effects on college student performance. Using data from a leading UK university, they show a negative and significant effect of class size for the smallest and largest ranges of class size, while the effect for intermediate class sizes (from 33 to 104 students) is not significantly different from zero. Similar results are found by Kokkelenberg, Dillon and Christy (2008) in analyzing academic results obtained by students at a US public university. They show that class-size negatively affects students' grades, in particular when class-size becomes larger than twenty.
Furthermore, a work by Bedard and Kuhn (2008) , investigating the effect of class size on student evaluations of instructor effectiveness, shows a large negative impact, which is robust to the inclusion of course and instructor fixed effects.
Our work contributes to this emerging literature by providing evidence of class size effects among Italian college students. We use data on students enrolled in the academic years from 2001/02 to 2005/06 on the First Level Degree in Law and Economics, at the University of Calabria, a middle-sized Italian University located in the South of Italy.
In the sample under study, class size depends on the number of students enrolled each year and on the necessity to teach courses in single classes or to split them into different teaching classes. Both of these aspects are exogenously given, since, as we will explain in detail in the next section, they depend on rules established by the 2001 reform of the Italian University System which established the maximum number of students that can be enrolled (given the number of permanent professors) and the maximum class size for each Degree Course. These rules introduced exogenous variability in the class size of the courses we consider: for the academic years when the number of enrolled students was lower than the maximum class size, courses were taught in a single class, while for years in which the number of students exceeded the class size limits, courses were split into different teaching classes.
In order to avoid problems that may confound the effect of class size with effects due to teaching quality or grading policies, we only consider courses that were taught by the same instructors over the years. In fact, this strategy prevents any problem deriving, for example, from teachers being assigned to classes of different sizes according to their ability.
However, in our data set student characteristics are not well balanced across small and large classes. This is due to the fact that the Law and Economics Degree Course accepted students by ranking them on the basis of their High School Grade. As a consequence, in the years when a relatively small number of students were enrolled and classes were not split, a better group of students was admitted, while in years when the number of enrolled students was higher, leading to split classes, students with lower observed abilities were also accepted. Since the positive relationship between average student abilities and class size is due to a selection policy based on an observable variable, the selection bias can be solved using regression and matching techniques (Angrist, 1998) .
Moreover, we are confident that student self-selection is a minor problem in our analysis, since Italian students exhibit very low mobility. typically enrolling at a university located near to their place of residence (see Brunello and Cappellari, 2007) . In addition, the number of applications received each year by the Degree course we are considering in this study does not seem to depend on the expected class size (see Table 1 in Section 2).
We analyse the effects of class size on two different measures of student performance: the grades obtained at each exam and the probability that the student will pass an exam during the first year of his/her academic career.
In order to examine the effect of class size on grades, we estimate both a simple OLS model and a Tobit model, which takes into account the fact that grades are left censored at the passing line and right censored at the maximum grade (in Italy college students are evaluated at exams on a scale from 18 to 30). Once we control for a number of individual characteristics and for courses fixed effects, it clearly emerges from our estimates that larger classes produce a negative effect on grades obtained by students (but the magnitude is small).
Subsequently, we use a probit model to examine the effect of class size on the probability of passing exams. Results of our estimates show that students who have attended courses in larger classes have a lower probability of passing an exam. The effect on the probability of reaching the pass mark is considerable: an increase of 50 students in a class size reduces the probability of passing an exam by about 9 percentage points.
The negative effect of class-size on student performance is robust to the use of a matching estimator (Rosenbaum and Rubin, 1983; Abadie and Imbens, 2006) where we assume that -conditional on the observable variables (in particular High School Grade and type of school attended) -the assignment to the treatment is not related to potential outcomes ("Selection on Observables"), that is, that after conditioning on students' observed characteristics, students in small and large classes are comparable. Our matching estimates show that large classes have a negative and statistically significant effect on student performance, even if the effect is smaller than that resulting from regression techniques.
The paper is organised in the following way. In the second section we provide some additional information on the Degree Course in Law and Economics at the University of Calabria and present some descriptive statistics on our sample of students. Section 3 discusses OLS and Tobit estimates for the effects of class size on student grades. In section 4 probit estimates of the students' probability of passing exams in relation to class size are reported. In section 5 we present matching estimates. Section 6 concludes.
Data and Institutional Framework
Our analysis is based on administrative data from the University of Calabria. Grades are given by instructors on a scale from 0 to 30 and an exam is passed if the student obtains a grade of at least 18. We only observe grades obtained by students who passed the exam, since in case of failure no record is kept. The distribution of grades is shown in Figure   1 . The average grade over the exams taken by each student is equal to 24.323.
We define a dummy variable Pass which takes the value of one if an exam is passed and zero otherwise. The probability of passing a generic exam is 62%. In the attempt to guarantee educational quality, the 2001 University reform established some standards in terms of the maximum number of students that can be enrolled on each Degree Course (given the number of tenured professors) and a maximum number of students for teaching classes (which varies according to the subject). More specifically, these rules establish that Law courses can not be taught in classes above a maximum of 300 students, while courses in Economics, Business, Statistics and Mathematics have a maximum class size of 230 students.
As a consequence, the effective class size on the courses offered was defined by the number of students enrolling each year and by the rule establishing the maximum number of students for teaching class. Table 2 , the number of applications received from those wishing to enrol on the LE Degree Course was always well above the number of places offered. The number of students enrolled on the LE Degree Course in the years we consider ranges from 199 to 337, with an average number of students enrolled of 278. (137) was not due to the splitting rule (which was applied in both years), but to a different number of students enrolled.
As shown in
Our measures of class size do not refer to the effective student attendance, but to the number of students who were supposed to attend first year courses ("official" class-size). 7 As argued by Bandiera, Larcinese and Rasul (2008) focusing on this kind of measure is particularly relevant for policy implications, since the official class size can be modified by universities, while interventions aimed at regulating the physical attendance of students may be much more complex.
In our analyses we measure class size both as the number of potential students attending each class (Class Size) and also -following Krueger (1999) -by defining a dummy Large Class which we set equal to 1 for classes with 199 or more students and zero otherwise. The number of students attending courses in Large Class is on average 286 while those in small classes are 160.
The LE Degree Course ranked applicant students according to their High School Grade and, starting with the students with the highest grades, accepted them until all available places are assigned. As a consequence of the admission policy followed, the average ability of students in each year (as measured by their High School Grade) was inversely related to the number of students enrolled. Since classes were typically split when enrolment is high, we should observe a positive relationship between class size and average student quality.
6 When the reform was introduced, many Italian universities decided to devote their resources to offer First Level Degrees and only later did they also begin to offer Second Level Degrees. This was because only students who had acquired a First Level Degree could enrol at a Second Level Degree. 7 Data on attendance are not available in our dataset. However, according to some surveys on teaching effectiveness conducted by some instructors, 80-85% of students attend classes.
In order to analyse the relationship between class size and student characteristics better, we regress Class Size on the High School Grade and on the dummies Lyceum and Female. In columns (1) and (2) of Table 3 we use Class Size as dependent variable whereas we use the dummy Large Class in columns (3) and (4). In columns (2) and (4) Our estimation results show that the High School Grade is strongly positively correlated with Class Size.
8 Therefore, a lower average ability of students is found in small classes. On the other hand, we do not observe any statistical significant association between class size and the type of school attended by students, which represents an additional measure of student ability (although not used in the admission policy). Moreover, gender composition is not associated with class size.
Notwithstanding the fact that class-size was not randomly distributed between students of different ability due to the admission policy followed by the LE Degree Course, the selection of students was made solely on the basis of an observable variable for which we can control. In fact, we control both for individual student ability and for the average ability of students in each class.
As argued by Angrist (1998) , the potential selection bias induced by the screening carried out through the admission policy can be solved using regression techniques or by matching on the covariates used in the screening process. Therefore, we estimate the effect of class-size by using both OLS, controlling for the observable variable High School Grade on the basis of which selection is made, and using a matching estimator. 8 The correlation between class size and the High School Grade is positive but marginally insignificant in column (1), where we consider the full sample of students: this is due to the effect produced by the year 2002-03.
As regards other confounding factors that may bias the estimated effect, we have no reason to think, given the rules followed by the University in assigning financial resources to different Degree Courses, that the availability of other educational resources is correlated with class-size. Financial resources are distributed to each Degree Course on the basis of the number of students enrolled: therefore, when the number of students enrolled is large, a proportional larger amount of resources is assigned, implying an approximately constant amount of resources per student. 9 However, as said before, Degree Courses are not free to change the number of enrolled students, since this number is strictly related to the number of tenured professors (which also changes slowly in relation to decisions taken at central level by the Minister of Education).
In order to avoid problems that may confound the effects of class size with effects due to teaching quality or grading policies, for example because instructors might be assigned to classes of different size according to their ability or according to their grading policy, we only deal with student performance in those courses for which the instructors did not change for at least two academic years. A total of 11 courses with these characteristics are considered. For some subjects (e.g., Principles of Economics 1 and 2) we cover every year from 2001/02 to 2005/06, since instructors did not change over time, while for some other courses we only consider two adjacent years.
In this way we observe the same faculty member teaching the same course to classes of different sizes and we are able to control for instructor (course) fixed effects that should capture unobserved time invariant characteristics of the teaching staff. In addition, since most of the examinations are based on multiple choice tests or on computer-marked tests, time variant factors, due for example to the fact that faculty members may change their evaluation criteria according to the class size they face, are not a major concern in our analysis.
We consider the grades obtained at each exam and student probability of passing a given exam during the first year as measures of student performance. Using course fixed effects, we identify the effects of class size thanks to the variations in the performance of students attending the same course (with the same instructor) in teaching classes of different sizes.
Class Size and Student Grades
In this section we estimate the following simple model of student grades:
(1) In order to take into account the fact that the performance of students in the same class may be affected by common shocks, we assume that the error term is given by
where jt µ is a class-specific random component, and we cluster by course-academic year in calculating the standard errors.
The model expressed by equation (1) represents an educational production function relating student performance to pre-determined characteristics and educational inputs (Hanushek, 1986; Hanushek, 1999) . A great deal of literature has used a similar specification in order to study how teachers' characteristics (education, experience, salary etc.), school expenditure, class-sizes, peer effects, family background and so on affect student performance.
For the sake of simplicity, we assume a linear relationship between inputs and output. Since we control for grades obtained at High School, the function is a sort of value-added function, showing how students skills are affected in relation to class-size by controlling for previous achievement. We estimate this model by using both OLS (neglecting that Grade is a censored variable) and Tobit. Table 4 shows the estimated class size coefficients from OLS regressions based on equation (1).
OLS estimates
All estimates include course fixed effects (11 categories) and dummies for terms when the courses were taught (4).
We control for terms because student performance may be different on courses held during the first term, for which there were 5 exam sessions available (starting from November to September), and courses held, for example, in the fourth term for which only 2 exam sessions were available. This is particularly relevant not only for the probability of passing an exam, since we only consider exams taken within the first year, but also for grades obtained at exams since in the Italian University system students can decide to turn down the grade awarded and sit the exam again in a subsequent session. In all the regressions we include course fixed effects and dummies for terms (not reported). Robust standard errors -clustered by course-academic year -are reported in parentheses. The symbols ***, **, * indicate that coefficients are statistically significant, respectively, at the 1, 5, and 10 percent level.
In columns (1) and (2), results for our basic specifications are reported. In the first, we control for terms when courses were taught and the second is estimated without these controls.
In both specifications, it emerges that the effect of class size on student grades is negative and significant. Point estimates range from 0.005 to 0.004, significant at the 5 per cent level, implying that an increase of 50 students in class size determines a reduction in grades obtained at examinations ranging from 0.25 to 0.20.
In order to avoid possible biases in the estimated effect, deriving from correlation of class size with the average quality of students enrolled or with their total number, we control in column (3) for these two variables. As it is possible to see in column (3), the total number of students enrolled (Enrolment) in each year does not seem to produce any statistically significant effect on student performance, while cohorts of higher quality (measured considering the High School Grade) produce a positive effect (statistically significant at the 5% level).
Notwithstanding these additional controls, the class size effect is still negative and highly significant.
In column (4), we exclude from our sample those students who enrolled in the academic year 2002/03, when the rule for the maximum class size was not respected. In this case, we find a larger effect of class size: an increase in class size of 50 students led to a reduction in grades of 0.55. A possible explanation for this larger effect might be that that the negative effect of class-size is stronger until class size reaches certain levels, becoming less intense subsequently.
Non-linear effects are also found by Bandiera, Larcinese and Rasul (2008) and by Kokkelenberg, Dillon and Christy (2008) . 10 In column (5) instead of using the number of students as the measure of class size, we consider the dummy Large Class (as in Krueger 1999) , in which we group together classes with 199 or more students. We find that attending courses in large classes reduces grades by about 0.70. This effect, which is larger than previous estimates, is due to the fact that the increase in the number of students in passing from a small to a large class is 126 on average. Results remain substantially unchanged when we control for Enrolment and cohort quality (not reported).
As far as the other explanatory variables are concerned, it emerges that students with a higher High School Grade obtained much better grades. In addition, students who had attended a Lyceum perform much better than students who come from Vocational or Professional High School. The dummy Female is positive and statistically significant. We have also included among our regressors an interaction term between High School Grade and Lyceum which turns out to be positive and highly significant, implying that the high school grade increases academic performance significantly more for Lyceum students.
These results can be interpreted either as a consequence of student ability or in relation to family background. In fact, in Italy, after compulsory education, students can choose between a "generalist track" (Lyceum), or a more labour market orientated track (vocational track). Since Lyceums provide more academic skills, students from this type of school may be endowed with abilities that are particularly useful for post-secondary education. This may explain the positive coefficient shown by the interaction term between High School Grade and Lyceum. On the other hand, as has been documented by many works (see Checchi, 2006) , students with "better" family backgrounds enrol in Lyceums, while students with "worse" family backgrounds typically choose vocational schools. Therefore, the positive coefficient on Lyceum may be related to the well known effect of family background on student performance.
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Tobit estimates
In this sub-section we take into account the fact that student Grade is left and right censored. In fact, for students who failed to pass an exam the grade is not recorded and, furthermore, grades cannot be higher than 30. Therefore, we proceed by estimating a Tobit model, indicating 17 as the lower limit for left censoring and 30 as the upper limit for right censoring. Table 5 reports Tobit estimates using the same specifications as in Table 4 . With all the specifications it emerges that class size has a negative and statistically significant impact on student achievement. These estimates are much larger than the OLS estimate, as they include the pass probability, for which the effect of class-size is larger (see below Table 6 ).
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On the basis of the Tobit estimation, we can determine the marginal effect of class size on the probability that a student will pass an exam (that is the effect on the probability that grade is greater than 17): this effect is equal to -0.00143, which implies that increasing class size by 50 additional students reduces the probability of passing an exam by 7.2 percentage points. This effect is similar to that emerging from probit estimates (8.7 percentage points, see Table 6 ).
Moreover, given that a student has passed the exam (i.e., he/she is not censored) we can calculate the marginal effect of class size on the expected grade: a class with 50 additional students lowers the expected grade of each student by 0.57. In all the regressions we include course fixed effects and dummies for terms (not reported). Robust standard errors -clustered by course-academic year -are reported in parentheses. The symbols ***, **, * indicate that coefficients are statistically significant, respectively, at the 1, 5, and 10 percent level.
Class Size Effects on the Probability of Passing the Exams
The Italian University system is afflicted by the excessive duration of student academic careers. A large proportion of students fail to accomplish their Degree Course within its legal duration. In our sample of students, about 38% of the exams that students were supposed to complete within their first year were not passed.
In this Section we examine the impact of class size on students' probability of passing exams. Our dependent variable ijt Pass takes the value of one if student i passes the exam j in year t, and 0 otherwise. We estimate by Maximum Likelihood the following probit model: (1) we present the baseline specification, in column (2) we do not control for terms, in column (3) we control for Enrolment and the Year-Specific Average Ability, in column (4) we exclude data regarding the academic year 2002/03 and in column (5) we consider the dummy variable Large Class instead of Class Size. All in all, it emerges from probit estimates that an increase in class size produces a statistically significant negative effect (at the 1 percent level) on the probability of passing first year exams.
The effect is quite considerable: an increase of 50 students in class size reduces the student's probability of passing an exam by about 8.7 percentage points. The other explanatory variables show the usual effects. Table reports marginal effects evaluated at the mean values of the explanatory variables in the sample. Robust standard errors -clustered by course-academic year -are reported in parentheses. The symbols ***, **, * indicate that coefficients are statistically significant, respectively, at the 1, 5, and 10 percent level.
Since some studies find that class size effects depend on student characteristics, such as ability or family background, we have also investigated whether class size effects are heterogeneous across different sub-groups of students. The results we obtain do not allow us to arrive at clear conclusions and are not reported.
We use two measures of student ability: the High School Grade and whether the student attended a Lyceum. From our analysis it emerges that students coming from Lyceums are significantly less affected by large class size compared with students who attended vocational or professional schools. This result emerges both when student performance is measured considering grades obtained at exams and when the probability of passing an exam is taken into account. It may imply that class size effects are smaller for students with higher ability.
Nevertheless, when we measure students' ability by using their High School Grade, we do not obtain supportive results: class size effect does not seem to differ in relation to this measure of student ability and, with regards the probability of passing exams, in some specifications a stronger effect emerges for students with a higher High School Grade.
It is difficult to find a clear interpretation of these results. It may be that the smaller effect observed for students who have attended a Lyceum is related to their "better" socioeconomic background, rather than to their higher ability, and this may be due to the fact that wealthier families try to compensate for learning difficulties deriving from large classes by providing greater support for their children, for example by investing in resources for remedial tutorials.
Robustness Checks: Matching Estimates of Class Size Effects
As discussed in Section 2, our sample of students attending courses in small classes is characterised by a lower average ability (as measured by their High School Grade). In this section, to take into account the bias that may derive from systematic selection, we undertake an additional estimation strategy, using a matching estimator to estimate the average treatment effect of attending a given course in a large class on the grades obtained by students at an exam and on their probability of passing the exam.
Since it is not possible to observe student outcomes on a given course both when the course is taught in a small class and when it is taught in a large class, matching estimators compute the differences in the academic achievements of "treated" students (attending courses in large classes) and "control" students (in small classes) that have the same covariate values and, then, average these differences by determining the Average Treatment Effect (ATE).
Matching estimators identify and consistently estimate the treatment effect of interest under the assumption that -conditional on the observable variables -the assignment to the treatment is not related to potential outcomes ("Conditional Independence Assumption" or "Selection on Observables") (see Rubin, 1977) . While these assumptions are inconsistent in many evaluation exercises, since individuals select into the programme on the basis of unobservable (to the researcher) components of outcomes, in our case, the selection of students in smaller or larger classes is based on their High School Grade, which we can observe. In other words, after conditioning on students' observed characteristics, students in small and large classes are comparable. One of the main advantages of using a matching estimator is that it is not necessary to specify the functional form of the outcome equation and, therefore, it does not hinge on the linearity assumption of regression methods.
We use the specific matching estimator developed in Abadie and Imbens (2006) and implemented in Abadie et al. (2004) to estimate the Average Treatment Effect on Grade and on Pass of the binary treatment Large Class. 13 We use High School Grade, Lyceum, Female and Dummies as matching variables for each course. The procedure imputes the potential outcome not realised for each student by using average outcomes for students in the control group with similar values of the covariates. The method allows individuals to be used as a match more than once, so one has to decide on how many non-treated individuals to match to a single treated individual. Increasing the number of matches lowers the bias but increases the variance. We experiment by using both a single match and four matches. Since as shown by Abadie and Imbens (2006) , the simple matching estimator will be biased in finite samples when the matching is not exact, we estimate the ATE with bias-adjustment. In addition, we estimate the standard errors allowing for heteroskedasticity.
The average treatment effect of a large class on student probability of passing an exam and on grades obtained at exams are shown in Table 7 . The effect on the probability of passing an exam is negative and statistically significant, but lower compared to the effect estimated using probit (see column 5 of Table 6 ). We also find a positive and statistically significant effect on the grade obtained at exams when we assign a grade of 17 to students who did not achieve the minimum pass mark. The effect is positive but not statistically significant (not reported)
when we restrict our analysis to grades obtained by students who passed the exam. 
Concluding Remarks
Class size effects have been analysed focusing mainly on primary and secondary education, whereas few studies have dealt with class size effects at post-secondary education level.
However, understanding the effects of large classes on student achievement is becoming increasingly important for the organisation of the University system. The large growth in student enrolment recorded over the last few decades and limited financial resources have induced many Universities to offer courses which are organised into very large teaching classes with unknown effects on students' learning processes. This paper adds to the emerging literature investigating the effects of educational inputs on the achievement of college students. Using administrative data on students enrolled at the University of Calabria, we analyse the effects of class size on student performance measured both in terms of the probability of passing exams and the grades obtained.
Our identification strategy exploits arguably exogenous variations in class size deriving from the enforcement of rules imposed by the 2001 reform of the Italian University System. In particular, the Law imposes a maximum number of students who can be enrolled for each Degree Course, given the number of permanent professors involved in the Degree Course, and a maximum class size (which varies according to the subject taught).
These rules introduced exogenous variability in class size for two reasons: 1) the total number of students enrolled has changed over time because of changes in the number of professors with a permanent position; 2) in years when the number of enrolled students was below the maximum class size, courses were taught in a single class, while in years when the number of students exceeded the class size limits, courses were split into different teaching classes.
Due to the admission policy followed by the LE Degree Course, students' characteristics are not well balanced between large and small classes and therefore a positive correlation between class size and student average ability emerges. We handle the potential selection bias created by the screening carried out the admission policy by using regression techniques (controlling for High School Grade and average student ability) and by matching on the covariates at the basis of the screening process.
In order to avoid bias from heterogeneity in instructor ability or in grading policies influencing the estimates of the effect under examination, we only focus on courses taught by the same instructor in different academic years. From our analysis it emerges that, once we control for a number of individual characteristics and for course fixed effects, larger classes produce a negative effect on grades obtained by students. In addition, students who have attended courses in larger classes have a significantly lower probability of passing an exam.
While the effect of class size on grades is small, the effect on the probability of reaching the pass mark is considerable: an increase of class size by 50 students reduces the probability of passing the exam by about 9 percentage points. These results are robust to the use of a matching estimator, which confirms the negative and highly significant effect of large classes on student performance.
Nevertheless, as these findings pertain to just one university and to first year courses, it is not possible to derive a general conclusion and additional research is necessary to understand class-size effects at college level and mechanisms that drive them.
